In the study, lard, noninteresterified mixture of lard and rapeseed oil, and interesterified mixture of these fats were used in the production of meat batters. The quality (apparent viscosity, thermal drip, texture-penetration force, L*, a*, and b* color components) of model meat batters was determined. The researches also included an oxidative stability study of fat extracted from meat batters and fats used in their production process. Meat batters produced with noninteresterified fat or interesterified mixture of these fats were characterized by lower apparent viscosity (424 × 10 −1 and 315 × 10 −1 Pa s) and values of penetration force (6.1 and 5.3 N) in comparison with meat batter produced with lard (503 × 10 −1 Pa s, 7.6 N, respectively). However, there was no significant influence of these fats addition on the thermal drip. Interesterification of lard and rapeseed oil mixtures can result in the production of a new fat with valuable functional properties. Interesterification caused a significant decrease in induction time (from 70.3 to 21.6 min) and onset oxidation temperatures (from 162-193.7 to 136-154°C) in obtained fat in each heating rate. Fats extracted from meat batters were characterized by lower onset oxidation temperatures (135.1-160°C for meat batters with noninteresterified fats and 132-152°C for batters with interesterified fats) and lower induction time (11.9 and 10.9 min) than fats used in meat batters. Oxidation parameters can help in the assessment of resistance of modified fat and meat batters to oxidative deterioration.
Introduction
Fat is added to meat products to provide good sensory attributes, especially those related with taste and texture. [1] It also plays an important role in binding, rheological and structural properties. [2] The technological application of fat used in meat products depends on its physical and chemical properties, which together with nutritional properties are limited by the composition of fatty acid. Pork fat is the most commonly used fat in meat production because of its superior technological characteristics. However, the fat is rich in saturated fatty acids (SFAs), which can be associated with increased risk of obesity and coronary heart disease. [1] In order to reduce the SFA content in meat products, animal fat is altered by plant oil sources which are free of cholesterol and rich in unsaturated fatty acids. [2] However, the incorporation of plant oils which have a high content of unsaturated fatty acid and are in a liquid state in room temperature seems to be technologically not suitable in meat products. [1, 2] In order to improve technological attributes of plant oils, many methods of fat modification have been used, e.g., hydrogenation, blending, and interesterification. [3, 4] The partial hydrogenation may lead to the production of trans fatty acids, which are known to have detrimental health effects. The adverse effect of hydrogenation makes the use of interesterification of fats and oils an attractable/attractive alternative for hydrogenation. [2] During interesterification, fatty acids are exchanged within and among triacylglycerols (TAGs) until a thermodynamic equilibrium is reached. The resulting products maintain the fatty acid profile and saturation degree of the starting blends, but a different TAG stereochemistry can be observed, which results in new physicochemical characteristics and nutritional properties. [3] The interesterification of lipids catalyzed by lipases is an alternative to the chemical interesterification. In contrast to chemical methods, enzymatic synthesis as a tool for fat modification has many advantages, such as mild processing conditions, possibility of regiospecificity, and fatty acids specificity. [5, 6] However, for the successful synthesis of the lipids for meat products, it is important not only to optimize the nutritional and physical properties but also to ensure that the oxidative stability of the final product is acceptable. Numerous methods have been developed for monitoring fat and oil autooxidation. Nowadays, instrumental methods are commonly used as they are faster, more precise, have wider scope of detection, and are more objective. Differential scanning calorimetry (DSC) is a nonchemical method to determine fat quality parameters. [5, 7] DSC can be used to record the heat released from a particular reaction in either isothermal or non-isothermal mode. The non-isothermal method is based on the linear correlation between the temperature that corresponds to a specific thermal event and a different heating rate. In general, non-isothermal methods are widely used in lipid oxidation because they can provide valuable analytical and kinetic information. The aim of the study was to determine the effects of fat: lard, noninteresterified mixture of lard and rapeseed oil, and interesterified mixture of lard and rapeseed oil-fats used in the process of model meat batters from chicken breast meat production. Such raw material is characterized by low fat content. The kinetic parameters of the oxidation process and oxidative stability were evaluated in fats used in the production of meat batters and fats extracted from meat batters. Moreover, the quality of meat batters was evaluated.
Materials and methods

Materials
Lard, rapeseed oil, and chicken breast muscles were provided by an industrial plant. Immobilized Lipozyme RM IM, used in this investigation as a catalyst of interesterification, porcine pancreatic lipase (Type II), and standard of fatty acid methyl ester, was procured from Sigma-Aldrich. All other solvents and reagents were purchased from Avantor Performance Materials Poland S.A. (Gliwice, Poland).
Enzymatic interesterification
A mixture of lard and rapeseed oil at weight ratio 7:3 was interesterified in the presence of Lipozyme RM IM containing immobilized 1,3-specific lipase from Rhizomucor miehei. The interesterification was carried out at 50°C for 2 h. Interesterified fats were purified by neutralization of free fatty acids with 0.5 M KOH hydroethanolic solution (30% ethanol). [8] Preparation of meat batters Three variants of meat batters were produced in duplicate and in three series. The recipes are given in Table 1 . Chicken breast muscles were ground in a laboratory meat grinder (Diana 886.8, Zelmer, Rzeszów, Poland) equipped with ø3 mm plate and then cured (99.6% NaCl and 0.4% NaNO 3 ) for 24 h under refrigeration (4-6°C). After this time, meat was homogenized with a fat and a half amount of crushed ice for 1 min using laboratory blender. Then, phosphates, soy protein isolate, sodium ascorbinate, and rest of crushed ice were added. Each batter was homogenized again for 5 min. In such prepared unheated meat batters, apparent viscosity was determined. After heat treatment, thermal drip was evaluated and after 24 h of cooling under refrigerated temperature (4-6°C), texture (penetration force) and color L*, a*, b* components were measured.
Methods
Apparent viscosity
Meat batter apparent viscosity was measured in triplicate with a rotational viscometer (Rheotest-2, Germany). The measurement was made using a measuring set type H/H for high viscosity, consisting of a measuring cylinder and a rotating cylinder. The temperature of each sample (17 g) at the time of testing was 18 ± 1°C. The readings of α values in unit scale (µs) were made after 30 s of viscometer operation. Viscosity (η) was calculated from the following formula:
where τ r is the shear stress 
Thermal drip
Thermal drip was determined according to procedure described by Chmiel and Słowiński. [9] Instrumental texture of meat batters-penetration force
The penetration force of the examined model meat batters was determined after heat treatment and cooling (24 h ). Prior to measurement, the samples were conditioned for 1.5 h at room temperature (approx. 20°C), and then 25 mm thick slices were prepared. The penetration force measurement was conducted using a universal testing machine ZWICKI type 1120. To measure the maximum force required for immersion inside the sample of metal, a cylindrical flat-felled mandrel of a diameter of 5 mm to a depth of 20 mm with the speed of movement of the measuring head of 50 mm/min was used from the obtaining of the pretension value of 0.5 N. The measurement was conducted every time in five different places of sample, and the calculated average value was assumed as the result.
L*, a*, b* color components
The L*, a*, and b* color components were determined with the use of CIEL*a*b* color scale using a Minolta CR200 colorimeter (Minolta, Osaka, Japan; light source D65, observer 2°, a measuring head hole 8 mm). The color parameters, such as L* (lightness), a* (redness), and b* (yellowness), were measured on the cross-section areas of batters after heat treatment. The instrument was calibrated using the reference values for white color (L* = 97.83, a* = −0.45, and b* = 1.88). All measurements were analyzed in five replicates.
Fat extraction from meat batters
The procedure described by Boselli et al. [10] was used for fat extraction from meat batters. The collected fat sample was stored at −18°C until it was analyzed.
Determination of acid value
Acid values (AVs) were determined by titration of fat samples dissolved in the mixture of ethanol: diethyl ether (1:1, v/v) with 0.1 M ethanolic potassium hydroxide solution. Determination was done according to the Polish Standard. [11] Determination of fatty acid composition
The determination of fatty acid composition was carried out by gas chromatographic (GC) analysis of fatty acid methyl esters. Fatty acid methyl esters were prepared according to the Polish Standard.
[12] An YL6100 GC chromatograph equipped with a flame ionization detector and a BPX-70 capillary column of 0.20 mm (internal diameter) × 60 m length and 0.25 μm film thickness was used. The oven temperature was programmed as follows: 60°C for 5 min, then it was increased by 10°C/min to 180°C from 180 to 230°C by 3°C/min, and then kept at 230°C for another 15 min. The temperature of the split injector was 225°C, with a split ratio of 1:100; the detector temperature was 250°C. Nitrogen flowing at the rate of 1 mL/min was used as the carrier gas. Measurements were done in triplicate. The identification of fatty acids was carried out using the standards.
Sn-2 positional fatty acid analysis
The positional distributions of fatty acids in the sn-2 and sn-1,3 positions of TAGs were determined according to the method described by Yüksel and Şahin Yeşilçubuk [13] and Bryś et al. [14] This method is based on the ability of the pancreatic lipase to selectively hydrolyze ester bonds in the sn-1,3 positions.
DSC measurements
The oxidative stability of tested fats was determined using isothermal mode of DSC (Q20, TA Instruments) coupled with a high-pressure cell. The isothermal temperature for each sample was 120°C. The non-isothermal (dynamic) mode of DSC was used to determine onset oxidation temperature (t on ,°C). The kinetic parameters of the oxidation process (activation energy, preexponential factor) were also calculated. The procedure of determination of parameters listed above is described by Wirkowska-Wojdyła et al. [15] Q200 DSC (TA Instruments, Newcastle, USA) was used to analyze melting characteristics of fats according to the procedure described by Aguedo et al. [16] 
Statistical analysis
The data were reported as the means ± standard deviation. One-way ANOVA was performed using the Statgraphics Plus, version 5.1 (Statistical Graphics Corporation, Warrenton, VA, USA). Differences were considered to be significant at a p-value <0.05, according to Tukey's multiple range test.
Results and discussions
Technological quality of model meat batters
The quality characteristics of model chicken meat batters are given in Table 1 . Modifications of fats significantly affected the apparent viscosity of produced meat batters (Table 1) . Model meat batters MB_L:RSO and MB_iL:RSO were characterized by a significantly lower apparent viscosity in comparison with the viscosity of meat batter produced with lard (L). The significantly lowest viscosity was observed in meat batter in which an interesterified mixture of lard and rapeseed oil (MB_iL:RSO) was used. Modifications of fats significantly affected the viscosity of produced meat batters. The viscoelastic parameters of meat batters depend on, inter alia, the content of used fat and its structure. With the increase of fat content, the stickiness of stuffing is reduced. Higher harder fat content results in increase of rheological parameters, including viscosity. The above relationship is stronger when the temperature during, for example, production of frankfurters stuffing is lower. At the melting point of the fat, this relationship is reversed. There is not one optimal viscosity of meat batters, but it is assumed that the less viscous meat batter is, the better filling process into the casings will be. According to Yapar et al., [17] increasing emulsion viscosity is desired in high fat emulsion type meat products, because higher emulsion viscosity gives increased elasticity. However, in this case, more empty spaces in the casing may be formed. Other researchers have shown correlations between emulsion viscosity and emulsion stability, as high viscosity emulsions are not easily broken. [18, 19] There were no significant differences in thermal drip of produced model meat batters (Table 1) . The replacing animal fat (lard) with noninteresterified mixture of lard and rapeseed oil or interesterified mixture of lard and rapeseed oil did not influence the amount of thermal drip; however, it significantly affected the texture of produced batters (Table 1) . Batters with noninteresterified mixture of lard and rapeseed oil or interesterified mixture of lard and rapeseed oil were characterized by significantly lower values of penetration force in comparison with batter with lard (L). Since animal fats are hard and solid fats, animal fat in meat products plays an important role in textural characteristics of meat products. [20, 21] Therefore, replacing animal fat with oils or interesterified vegetable oils in meat products may cause quality defects in which the most important problem is softening. [22] Replacing animal fat with vegetable oil can cause change in color. This change depends on the type of oil used and on the amount of fat. [18] In our studies, the replacement of animal fat (lard) with noninteresterified mixture of lard and rapeseed oil or interesterified mixture of lard and rapeseed oil did not significantly affect the color components (L*, a*, and b*) of the model batters (Table 1) . Some researchers reported similar results and indicated that the use of vegetable oil and interesterified vegetable oil in, for example, the fermented sausages or animal fat replacement with these kinds of fats did not create important changes in color components of meat products. [20, 23] In contrast to our results, Park et al. [24] found that as vegetable oil replaced animal fat in meat products, the yellowness values significantly increased. Also, as reported by Yıldız-Turp and Serdaroğlu, [22] the use of vegetable oil and interesterified vegetable oil in the fermented meat products increased their yellowness and redness.
Quality assessment of studied fats
Melting characteristic
The thermal behavior of fats is usually described by melting and crystallization curves. The melting diagrams of the initial fats are presented in Figure 1 . The melting curves of the lard and noninteresterified fats show two and three distinct peaks, respectively. In L:RSO, peaks 1: −18.16 and 2: −6.20°C correspond to the lower melting TAG from RSO, peak 4: 29.50°C is associated with highmelting TAG from lard. Curves of interesterified mixture of lard and rapeseed oil exhibited a wide melting range, with five distinct peaks. This diversity in peaks in the melting behaviors suggests the presence of TAGs of different structure in the blend. [25] The main consequences of interesterification were the decrease of peak 4 and the appearance of two new peaks: 3: 6.89 and 5: 41.77°C, which is related to the formation of new TAGs during interesterification. That can be attributed to the increase in amount of trisaturated and disaturated TAGs after interesterification, which also contributed to an increase of melting point for this blend. [25] Fatty acid composition and their positional distribution The proportion of SFA, monounsaturated fatty acid (MUFA), polyunsaturated fatty acid (PUFA) of the L, L:RSO, iL:RSO, and fat extracted from meat batters are given in Table 2a and b. In the mixture of lard and rapeseed oil, the content of SFAs decreased, whereas the amount of MUFAs and PUFAs increased. This is due to the fact that rapeseed oil is rich in oleic, linoleic, and α-linolenic fatty acid and is characterized by good balance between the omega-6 and omega-3 fatty acids. [26] As a result of interesterification, the unsaturated fatty acids from rapeseed oil were incorporated into TAG structures of lard. Interesterification did not alter the amount of SFA, MUFA, PUFA related to the noninteresterified mixture. This is confirmed by Bryś et al. (2013 Bryś et al. ( , 2014 . TAG of interesterified mixture contained 30.4% SFA, 50.4% MUFA, and 18.5% PUFA. Rapeseed oil has been used quite widely in enzymatic interesterification to increase the degree of unsaturation in fat rich in SFA. [5, 27] The amount of SFA, MUFA, and PUFA in the MB_L, MB_L:RSO, MB_iL:RSO was at a similar level as in the fat used in meat batters. Cheong et al. [26] and Javidipour and Vural [2] observed that the use of interesterified fats containing vegetable oil in meat products resulted in a better ratio of unsaturated fatty acids to SFAs. Stereochemistry plays a fundamental role in the rate and extent to which fatty acids are absorbed and become available for any metabolic and structural functions. [3] Considering the result obtained, it can be concluded that interesterification affects the distribution of fatty acids in TAG mainly in external position due to the positional sn-1,3 specifity of the lipase. As the enzyme operated on the external positions of TAG, the percentages of given fatty acids in sn-2 position of interesterified TAG in comparison with initial blends remain nearly unchanged. Palmitic acid was the most abundant fatty acid located in the sn-2 position of TAG in the nonesterified and esterified mixture (Table 2a) . Taking into account the percentage of unsaturated fatty acids in the sn-2 position of TAG, it can be stated that after interesterification, PUFAs (mainly α-linolenic acid) were incorporated in external positions of TAG. The fatty acid distribution in model meat batters was determined by the type of fatty material used for their production (Table 2b ). In MB_L:RSO and MB_iL:RSO, the percentage of palmitic acid at the sn-2 position ranged from 76.7% to 76.8%, which confirms that it is located mainly in internal positions of TAG. Polyunsaturated α-linolenic acid in MB_L:RSO was located in sn-2 positions of TAG, whereas percentage of this acid in MB_iL:RSO does not exceeded 33%, which means that it is located mainly in external positions of TAG. The SFAs in the sn-2 position are absorbed more efficiently compared to the SFAs in the sn-1,3 positions. The more likely reason in the absorption difference may be the formation of insoluble calcium soaps since long-chain SFAs released from the sn-1,3 positions in the intestinal lumen tend to bind with Ca and Mg ions to form insoluble salts. [3, 28] It confirms that enzymatic interesterification has been proved to be the method to achieve this modification in fats, thus, as an effective tool to introduce essential fatty acids that could be absorbed in the same way.
Oxidative stability
The content of free fatty acid (measured by AV) is presented in Table 3 . Interesterification caused a statistically significant increase in AV (from 1.03 mg KOH/g of fat in L:RSO to 5.06 mg KOH/g of fat in iL:RSO). Bryś et al. [5, 27] also observed that interesterified mixtures were characterized by a higher content of free fatty acid than noninteresterified fats. This is due to the fact that the natural function of lipases is to catalyze the hydrolysis of fats. The fats extracted from model meat batters were characterized by a statistically significant higher AV than fats used in production of meat batters.
The production of interesterified fats can be impeded by their high susceptibility to oxidative deterioration. [29] Modified fats containing unsaturated fatty acids can deteriorate during storage and produce off-flavors and odors characteristic for oxidation. [30] The induction time and onset oxidation temperatures values obtained for L, L:RSO, iL:RSO, MB_L, MB_L:RSO, MB_iL:RSO were used as parameters for the assessment of the resistance of tested fats to their thermal oxidative decomposition. The results are given in Table 3 (induction time) and in Table 4 (t on ). The results presented in Table 4 , for fats used in meat batters, show that the studied fats have relatively high onset oxidation temperatures, which are associated with a high content of SFA and MUFA. Noninteresterified mixture of lard and rapeseed oil was characterized by a higher induction time and higher oxidation onset temperatures than lard. L:RSO is more unsaturated than lard and should oxidize more quickly, but on the other hand, rapeseed oil is rich in natural antioxidants. [31] Interesterification resulted in the reduction of oxidative stability. Interesterified mixture of lard and rapeseed oil, with lower induction time and lower t on , is less stable than noninteresterified mixture. Most studies have reported a decrease in oxidative stability of interesterified fats compared to the initial mixture. Bryś et al. [5] showed that the PDSC (pressure differential scanning calorimetry) tests performed for interesterified mixtures of lard, rapeseed oil, and concentrate of fish oil and mixtures of milkfat, rapeseed oil, and concentrate of fish oil resulted in reduced induction time in comparison to original fats. Kowalska et al. [32] also showed lower oxidative stability of enzymatic interesterified mixtures of goose fat with rapeseed oil compared to the noninteresterified mixtures. The presence of antioxidants, prooxidants, composition, and structure (unsaturation) of fatty acids and chemical structure of TAG influences on the oxidative stabilities. During enzymatic interesterification and product purification, antioxidants and prooxidants can be removed or at least their concentrations are reduced. [32] Martin et al. [30] also suggested that the loss of endogenous antioxidant, when vegetable oil is used in the modification, is the main reason for explaining a worse oxidative stability of interesterified fats. Kowalska et al. [32] found that the loss of α-tocopherol was in the range of 10.2-14.9% for Values represent means ± standard deviations. Different letters in a row indicate that the samples are considered significantly different at the 5% level (P < 0.05).
interesterified mixtures and for the sum of (β and γ)-tocopherols and for δ-tocopherol, the losses after interesterification were 22.4-28.3% and 24.9-28.5%, respectively.
Fats extracted from meat batters were characterized by a lower induction time than fats used in the production of them. Induction time for fats extracted from MB_L, MB_L:RSO, MB_iL:RSO was at the level of 10.67, 11.95, 10.92 min, respectively, whereas for fats used in meat batters: L, L:RSO, iL:RSO, 56.90, 70.31, 21.56 min, respectively. For fat extracted from MB_L, MB_L:RSO, and MB_iL: RSO, lower onset oxidation temperatures in each heating rates, than for L, L:RSO, and iL:RSO, were also observed.
Lower resistance to oxidation of fats extracted from meat batters may be associated with a higher content of free fatty acids compared to the L, L:RSO, and iL:RSO. Martin et al. [30] reported than increase in the content of free fatty acids and polar fraction in interesterified fat may reduce resistance of fat to oxidation. The higher the level of FFAs (free fatty acids), monoacylglycerols, and diacylglycerols in the obtained product after interesterification with respect to the level of TAG is, the higher reduction in oxidative stability is observed. Hamam and Shahidi [33] suggested that the presence of FFAs in the reaction mixture may induce oxidation due to a catalytic effect of the carboxylic groups of the FFA on the formation of free radicals.
The kinetic parameters for the fats tested are listed in Table 3 . The activation energies calculated from the experimental data were 96.05 kJ/mol for L, 79.55 kJ/mol for L:RSO, and 128.74 kJ/mol for iL: RSO. Activation energy for fat extracted from meat batters remained at the same level as the activation energy in fat used to prepare them. Fat extracted from meat batters produced with interesterified mixtures of lard and rapeseed oil was characterized by a higher activation energy and pre-exponential factor, than interesterified mixtures iL:RSO. Kowalska et al. [32] also observed that activation energy and pre-exponential factor for fats after enzymatic interesterification assisted with microwaves were on higher level than in initial mixtures. On the other hand, Wirkowska-Wojdyła et al. [7] noted that interesterified fats were characterized by a lower value of activation energy and pre-exponential factor than initial mixtures. The fat oxidation is multifaceted reaction which depends on many factors including endogenous antioxidants, catalysts, and primary and secondary oxidation products especially in the case when the vegetable oils are used in the modification and technology. Adhvaryu et al. [34] reported that a high PUFA content would lower, while high MUFA and SFA content would increase the Ea value for lipid oxidation. However, in the present study, no conclusively correlation between fatty acids composition and Ea values was observed.
Conclusion
Interesterification of lard and rapeseed oil mixtures can result in the production of a new fat with valuable functional properties. Such modified fats can be successfully used in the meat batters formulations, with no influence on the thermal drip or color components. However, usage of modified fats influenced the apparent viscosity and texture chicken meat batters. This should be investigated during sausage production. The kinetic information, induction time, and onset oxidation temperatures can help in the assessment of resistance of modified fat and meat batters to Table 4 . DSC heating rates (β) and oxidation onset temperatures (t on ) for L, L:RSO, iL:RSO, and fats extracted from meat batters. Values represent means ± standard deviations. Different letters in a row indicate that the samples are considered significantly different at the 5% level (P < 0.05).
oxidation. The PDSC method has a great potential to be successfully applied and is competitive as routine quality control analysis of food products. 
